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(54) LOW-PASS FILTER 



(57) It is an object of the present invention to realize 
a low-pass filter that has an increased n umber of stages 
of filter elements and can obtain a large combined ca- 
pacitance with a simple configuration of a plane circuit, 
can set an attenuation pole in the vicinity of a pass band 
and has a steep out-of band attenuation characteristic. 
In order to attain such an object, three or more top end 
open stubs, which are set to have a large electric length 



in a range in which a length of is shorter than 1/4 of a 
wavelength of a pass frequency, are disposed substan- 
tially in parallel so that their respective open ends face 
an identical direction to thereby form a combined line, 
and a high impedance line that is shorter than the wave- 
length of the pass frequency is connected to at least one 
part among parts between neighboring ends on the op- 
posite side of open ends of the top end open stubs. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention mainly relates to a low- 
pass filter that is used in VHF, UHF, microwave and mil- 
liwave bands. 



BACKGROUND ART 

[0002] Figs. 1 8A and 1 8B are schematic views illus- 
trating a configuration of a conventional low-pass filter 
described in, for example, Japanese Patent Application 
Laid-open No. Hei 3-128501. In Figs. 18A and 18B, ref- 
erence numeral 1 denotes an external conductor formed 
in a housing shape of a rectangular parallelepiped; 2 de- 
notes a dielectric substrate provided in such a manner 
that it partitions inside of the external conductor 1 into 
two at its center; and 3 denotes foil-like internal conduc- 
tors formed by etching in a pattern zigzagged opposing 
both sides of the dielectric substrate 2, each of which is 
composed of a plurality of wide parts 3a and narrow 
parts 3b and 3c. 

[0003J Four wide parts 3a are disposed adjacent with 
each other and on a substantially straight line. Three 
narrow parts 3b are provided to electrically connect the 
wide parts 3a in series and are respectively bent at a 
right angle at two points. In addition, the narrow parts 
3c are led out from the wide parts 3a at the both ends. 
[0004] Reference numeral 4 denotes dielectric rods 
interposed between the narrow parts 3a on both sides 
of the dielectric substrate 2 and the internal surface of 
the external conductor 1. Reference numerals 5 and 6 
denote coaxial input and output terminals provided in 
the external conductor 1, each central conductor of 
which is connected to the wide parts 3c. Reference nu- 
meral 7 denotes high impedance lines consisting of the 
narrow parts 3b and 3c and the external conductor 1 . 
Reference numeral 8 denotes low impedance lines con- 
sisting of the wide parts 3a, the external conductor 1 and 
the dielectric rods 4. 

[0005] Operations of the low-pass filter shown in Figs. 
18A and 1 8B will now be described with reference to its 
equivalent circuit diagram shown in Fig. 19. In Fig. 19, 
reference characters L1 to L3 denote inductors, which 
correspond to the high impedance line 7 and whose in- 
duction is determined according to line widths of the nar- 
row parts 3b and 3c. Reference characters C1 and C2 
denote capacitors, which correspond to the low imped- 
ance line 8 and whose capacitance is determined ac- 
cording to a line width of the wide parts 3a and a dielec- 
tric constant of the dielectric rods 4, 
[0006] Here, the high impedance lines 7 and the fow 
impedance lines 8 are required to perform pseudo-func- 
tions as an inductor and a capacitor of a lumped-con- 
stant circuit, respectively, and the respective axial 
lengths are set sufficiently smaller than a wave length 
of a pass-band frequency. In addition, reference char- 



acters Cp2 and Cp3 denote capacitors for giving an at- 
tenuation pole to a passing characteristic, which corre- 
spond to a combined capacity between adjacent Sow im- 
pedance lines 8 and whose capacitance is determined 

5 according to a distance between adjacent wide parts 3a. 
[0007] As described above, the conventional config- 
uration shown in Figs. 18A and 18B is represented by 
the equivalent circuit shown in Fig. 1 9, and therefore has 
a function as a low-pass filter. 

io [0008] Moreover, an inductor Li (i=1, 2, 3, ...) and a 
capacitor Cpi form a parallel resonance circuit with a 
resonance frequency of fO 



15 



[0009] Thus, if values of Li and Cpi are set such that 
this parallel resonance circuit operates to have neces- 
sary inductance as a whole at a frequency of a pass- 
20 band of a filter and generates parallel resonance at a 
frequency higherthan the pass-band, that is, a stopping 
band frequency fO, the passing characteristic of this filer 
becomes a low-pass characteristic having an attenua- 
tion pole in the resonance frequency f 0 as shown in Fig. 
25 20. Therefore, a low-pass filter having a steep out-of 
band attenuation characteristic is obtained by placing 
this resonance frequency fO at an appropriate position 
of the stopping band. 

[001 0] Since the conventional low-pass filter is com- 
30 posed as described above, a length of a section com- 
bining the adjacent low impedance lines 8 is relatively 
short and, in particular, if a line is formed with a uniform 
medium such as a triplet line, the coupling of the adja- 
cent low impedance lines 8 cannot always be sufficient. 
3s Thus, there is a problem in that a large value cannot be 
obtained as capacitance of the capacitor Cpi and it is 
difficult to set the attenuation pole frequency fO as low 
as in the vicinity of the pass-band. 
[0011] The present invention has been devised to 
^0 solve the above and other problems, and it is an object 
of the present invention to provide a low-pass filter that 
can set an attenuation pole in the vicinity of a pass-band 
and has a steep out-of band attenuation characteristic 
even if the low-pass filter has a simple configuration of 
a plane circuit consisting of a line such as a triplet line 
and a microstrip line. 

DISCLOSURE OF INVENTION 



so [0012] According to the present invention, there is 
provided a low-pass filter comprising: combined lines 
formed of three or more top end open stubs, which are 
set to have a large electric length in a range in which a 
length is shorter than 1/4 of a wavelength of a pass fre- 
33 quency and disposed substantially in parallei in such a 
manner that an open end of each of the three or more 
top end open stubs faces an identical direction; and a 
high impedance line connected to at least one part 
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among parts between neighboring ends that are on the 
opposite side of the open ends of the top end open stubs 
and having a length shorter than the wavelength of the 
pass frequency. 

[001 3J Also, the high Impedance line is a first high im- 
pedance line, and the low-pass filter further comprises, 
in addition to the first high impedance line, at least one 
second high impedance line that is connected at one 
end to ends on the opposite side of open ends of top 
end open stubs among the both ends of the three or 
more top end open stubs and has a length shorter than 
the wavelength of the pass frequency. 
[0014] Further, the low-pass filter further comprising 
a low Impedance line that is connected to at least one 
the other end of the second high impedance line at one 
end and has a length shorter than the wavelength of the 
pass frequency. 

[001 5) Still further, a multi-stage filter is formed by 
cascading low-pass filters in a plurality of stages via a 
high impedance line. 

[0016] Yet still further, the low-pass filter is formed of 
a triplet line. 

[0017] Further, the low-pass filter is formed of a micro- 
strip fine. 

[001 8] Furthermore, the low-pass filter is formed of a 
coplanar line. 

[0019] According to another aspect of the present in- 
vention, there is provided a low-pass filter comprising: 
combined lines formed of three or more top end short- 
circuit stubs, which are set to have a large electric length 
in a range in which a length is longerthan 1 /4 and shorter 
than 1/2 of a wavelength of a pass frequency, and dis- 
posed substantially in parallel in such a manner that 
each of short-circuit ends of the three or more top end 
short-circuit stubs faces an identical direction; and a 
high impedance line connected to at least one part be- 
tween ends among parts between ends that are on the 
opposite side of the short-circuit ends of the top end 
short-circuit stubs and adjacent with each other and 
having a length shorter than the wavelength of the pass 
frequency. 

[0020] Also, the low-pass filter is formed of a triplet 
line. 

[0021 ] Further, th e low-pass filter is formed of a micro- 
strip line. 

[0022] Furthermore, the low-pass filter is formed of a 
coplanar line. 

[0023] Still further, the low-pass filter has a first con- 
ductor layer, a second conductor layer and a third con- 
ductor layer, which are disposed with the second con- 
ductor layer being sandwiched between the first and the 
third layers, and a ground conductor formed on external 
surfaces of the first and the third conductor layers, and 
is composed of a multi-layer high frequency circuit in 
which a central conductor Is formed on the front and the 
back of the second conductor layer, and has a strip con- 
ductor forming a central conductor of a top end open 
stub and a strip conductor forming a central conductor 



of a high impedance line that are formed separately on 
the front side and the back side of the second conductor 
layer. 

[0024] Yet still further, the low-pass filter has a first 
5 conductor layer, a second conductor layer and a third 
conductor layer, which are disposed with the second 
conductor layer being sandwiched between the first and 
the third layers, and a ground conductor formed on ex- 
terna! surfaces of the first and the third conductor layers, 
10 and is composed of a multi-layer high frequency circuit 
in which a central conductor is formed in the front and 
the back of the second conductor layer, and has a strip 
conductor forming a central conductor of a top end 
short-circuit stub and a strip conductor forming a central 
« conductor of a high impedance line that are formed sep- 
arately on the front side and the back side of the second 
conductor layer. 

[0025] Furthermore, the low-pass filter has a first con- 
ductor layer, a second conductor layer and a third con- 
20 ductor layer, which are disposed with the second con- 
ductor layer being sandwiched between the first and the 
third layers, and a ground conductor formed on external 
surfaces of the first and the third conductor layers, and 
is composed of a multi-layer high frequency circuit in 
25 which a central conductor is formed in the front and the 
back of the second conductor layer, has each strip con- 
ductor forming a central conductor of three or more top 
end open stubs forming a combined line, to which a high 
impedance line that is shorter than the wavelength of 
30 the pass frequency is connected between ends on the 
opposite side of the open ends of the top end open stubs 
adjacent with each other, provided on the front and the 
back of the second dielectric layer with sides opposing 
each other, and each strip conductor forming a central 
35 conductor of the high impedance line is connected to 
each strip conductor of the top end open stubs to be 
provided on the front and the back of the second dielec- 
tric conductor layer and connected via a through-hole in 
the middle. 

40 [0026] Finally, the combined lines are a pair of com- 
bined lines disposed substantially in parallel in such a 
manner that each open end of the three or more top end 
open stubs faces an Identical direction, and are connect- 
ed in parallel such that the ends on the opposite side of 
^5 open ends of the top end open stubs in each of the pair 
of combined lines are opposed to each other to be con- 
nected, and the low-pass filter is provided with a high 
impedance line which is connected to at least one part 
among parts between neighboring ends on the opposite 
so side of the open ends of the top end open stubs and is 
shorter than a wavelength of a pass frequency, and has 
a first conductor layer, a second conductor layer and a 
third conductor layer disposed with the second conduc- 
tor layer being sandwiched between the first and the 
55 third conductor layers and ground conductors formed on 
the external surfaces of the first and the third conductor 
layers, and is composed of a multi-layer high frequency 
circuit in which a central conductor is formed on the front 
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and the back side of the second dielectric layer, and has 
each strip conductor forming a central conductor of the 
top end open stubs formed on one side of the second 
dielectric conductor layer, and a strip conductor forming 
a central conductor of the high impedance line formed 
on the other side of the second dielectric layer, and in 
which the connection between ends on the opposite 
side of the open ends of the top end open stubs and the 
high impedance line is made by the connection via a 
through-hole of a strip conductor forming a central con- 
ductor formed on the front and the back side of the sec- 
ond dielectric layer. 

BRIEF DESCRIPTION OF DRAWINGS 
[0027] 



10 



15 



Fig. 1 is a schematic view illustrating a configuration 
of a low-pass filter in accordance with a first embod- 
iment of the present Invention. 20 
Fig. 2 is a schematic view illustrating a configuration 
of a combined line of the low-pass filter 
Figs. 3A and 3B are equivalent circuit diagrams of 
the combined line; 

Figs. 4A and 4B are equivalent circuit diagrams of 
the low-pass filter. 

Figs. 5A and 5B are schematic views illustrating a 
configuration of a low-pass filter formed of a triplet 
line in accordance with a second embodiment of the 
present invention. 

Fig. 6 is a schematic view illustrating a configuration 
of a low-pass filter in accordance with a third em- 
bodiment of the present invention. 
Fig. 7 is an equivalent circuit diagram of the low- 
pass filter. 

Figs. 8A and 8B are schematic views illustrating a 
configuration of a low-pass filter formed of a triplet 
line in accordance with a fourth embodiment of the 
present invention. 

Fig. 9 is a schematic view illustrating a configuration 
of a low-pass filter in accordance with a fifth embod- 
iment of the present invention. 
Fig. 1 0 is a schematic view illustrating a configura- 
tion of a combined line of the low-pass filter. 
Figs. 1 1 A and 1 1 B are equivalent circuit diagrams 45 
of the combined line. 

Figs. 12A and 12B are equivalent circuit diagrams 
of the low-pass filter. 

Figs. 13A and 13B are schematic views illustrating 
a configuration of a low-pass filter formed of a triplet so 
line in accordance with a sixth embodiment of the 
present invention. 

Figs. 14A and 14B are schematic views illustrating 
a configuration of a low-pass filter formed of a 
microstrip line in accordance with a seventh embod- 55 
iment of the present invention. 
Figs. 15A and 15B are schematic views illustrating 
a configuration of a low-pass filter composed of a 



multi-layer high frequency circuit in accordance with 
an eighth embodiment of the present invention. 
Figs. 16A and 16B are schematic views illustrating 
a configuration of a low-pass filter composed of a 
multi-layer high frequency circuit in accordance with 
a ninth embodiment of the present invention. 
Figs. 17A and 17B are schematic views illustrating 
a configuration of a low-pass filter formed of a co- 
planar line in accordance with a tenth embodiment 
of the present invention. 

Fig. 1 8A and 1 SB are schematic views illustrating a 
configuration of a conventional low-pass filter. 
Fig. 1 9 Is an equivalent circuit diagram showing the 
conventional low-pass filter. 
Fig. 20 is a graph showing passing characteristics 
of the conventional low-pass filter and the low-pass 
filter in accordance with the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

First embodiment 



25 



30 



35 



40 



[0028] Fig. 1 is a schematic view illustrating a config- 
uration of a low-pass filter in accordance with a first em- 
bodiment of the present invention. In Fig. 1, reference 
character P1 denotes an input terminal, P2 denotes an 
output terminal; 11a denotes two high impedance lines 
(second high impedance lines), one ends of which are 
connected to the input terminal P1 and the output ter- 
minal P2; and 11b denotes two high impedance lines 
(first high impedance lines), one ends of which are con- 
nected to the other ends of the two high impedance lines 
11, respectively. An axial length of each of the high im- 
pedance lines 1 1 a and 1 1 b is set sufficiently smaller than 
a wavelength of a pass frequency. 
[0029] In addition, reference numerals 12a and 12b 
denote top end open stubs, and 120 denotes a com- 
bined line composed of three top end open stubs 12a 
and 12b. These three top end open stubs 12a, 12b and 
1 2a are disposed substantially in parallel having the top 
end open stub 12b between the top end open stubs 1 2a 
in such a manner that these open ends face an identical 
direction. Ends on the opposite side of the open ends of 
each of the top end open stubs 12a and the top end open 
stub 12b are mutually connected via separate high im- 
pedance lines 11b, respectively. In addition, an electric 
length of each of these open end stubs 12a and 12b is 
set smaller than 1/4 of the wavelength of the pass fre- 
quency. 

[0030] Operations will now be described. Fig. 2 is a 
schematic view illustrating a configuration of the com- 
bined line 120. In Fig. 2, reference character 8 denotes 
an electric length of the top end open stubs 1 2a and 1 2b. 
In addition, Figs. 3A and 3B are equivalent circuit dia- 
grams of the combined line 120. In Figs. 3A and 3B, ref- 
erence characters Yea, Yeb and Yoa denote character- 
istic admittance of an even mode and an odd mode of 
the combined line 120. 
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[0031 ] Here, in an angular frequency <o satisfying 0<?i/ 
2, a circuit shown in Fig, 3A can be approximately rep- 
resented by an equivalent circuit of Fig. 3B. As can be 
seen from an expression shown in Fig. 3B, capacitance 
of series capacitor Cp changes according to a difference 
of characteristic admittance Yea and Yoa, that is, a com- 
bined capacitance between three top end open stubs 
1 2a and 1 2b and the electric length e of the top end open 
stubs 12a and 12b. Capacitance of parallel capacitors 
Ca and Cb changes according to characteristic admit- 
tance Yea and Yeb, that is, mainly to characteristic im- 
pedance of the even mode of the top end open stubs 
1 2a and 1 2b and the electric length 0 of the top end open 
stubs 12a and 12b. 

[0032J Therefore, in the combined line 1 20, a relative- 
ly large value can be obtained as the capacitance of the 
series capacitor Cp shown in Fig. 3B by adjusting the 
electric length 6 of the top end open stubs 12a and 12b 
in the range of 0<8<rc/2. 

[0033J Figs. 4A and 4B are equivalent circuit dia- 
grams of the above-mentioned low-pass filter. If the cir- 
cuit shown in Fig. 3A is used as it is in an equivalent 
circuit of the low-pass filter shown in Fig. 1 , the equiva- 
lent circuit can be represented by Fig. 4A. Here, refer- 
ence character L1 denotes series inductors according 
to the high impedance lines 11a, and l_2 denotes series 
inductors according to the high impedance lines 11b. 
Moreover, if a relation between Fig. 3A and Fig. 3B is 
appliedto Fig. 4A, an equivalent circuit shown in Fig. 4B 
is eventually obtained with respect to the configuration 
of Fig. 1 . Since the equivalent circuit of Fig. 4B includes 
a parallel resonance circuit consisting of the capacitors 
Cp2 and the inductors 12, the filter shown in Fig. 1 has 
a function of a low-pass filter having a pofarized char- 
acteristic shown in Fig. 20 as in the conventional case 
shown in Figs. 18Aand 18B and Fig. 19. 
[0034] Here, although the example of forming a com- 
bined line by three top end open stubs is indicated in the 
description of the first embodiment, the same can be 
similarly applied to a case with four or more top end open 
stubs. 

[0035] In this way, a combined line is formed using 
three or more top end open stubs (this is the same in 
the case of a fifth embodiment forming a combined tine 
by top end short-circuit stubs to be described later), 
whereby a number of stages of a filter element that be- 
comes an element of a low-pass filter can be increased, 
and a low-pass filter having a favorable out-of band at- 
tenuation characteristic can be realized. 
[0036] As described above, according to the first em- 
bodiment, the low-pass filter illustrated in Ffg. 1 has a 
configuration including the combined line 120. Thus, 
there is an effect in that the capacitance of the capaci- 
tors Cp2 can be made larger than before by setting the 
electric length 6 of the open end stub 12 large in the 
range of O<0<ti/2 (within a range in which it is shorter 
than 1/4 of a wavelength of a pass frequency) as men- 
tioned in the description of Fig. 3B. Since the capaci- 



tance of the capacitor Cp2 can be made large, it is pos- 
sible to set a frequency of an attenuation pole as low as 
in the vicinity of a passing band, therefore, a low-pass 
filter having a steep out-of band attenuation character- 
* istic is obtained. 

[0037] Further, in the first embodiment described 
above, the low-pass filter is composed of the two high 
impedance lines 11a and 11a, the two high impedance 
lines 11b and 11b, and the combined line 120 formed of 
to the three top end open stubs 1 2a, 1 2b and 1 2a as shown 
in Fig. 1 . However, the high impedance line 1 1 a may not 
be provided or may be provided on only one side ac- 
cording to a desired out-of band attenuation character- 
istic. In addition, an attenuation pole can be formed if at 
*5 least one high impedance line 11b is provided. 

[0038] Moreover, the low-pass filter shown in Fig. 1 
may be configured as a multi-stage filter by being cas- 
caded in a plurality of stages via the high impedance 
lines 11 a to have a desired out-of band attenuation char- 
20 acteristic. That is, a plurality of the low-pass filters may 
be cascaded by inserting at least one second high im- 
pedance line, which has a length shorter than a wave- 
length of a pass frequency, in series between combined 
lines of the low-pass filter connected one after another 
25 to form a multi-stage filter, thereby obtaining a desired 
out-of band attenuation characteristic. 
[0039] In addition , although the case in which both the 
electric lengths of the top end open stub 1 2a and the top 
♦end open stub 12b are equal at 0 is indicated in the de- 
30 scription of the first embodiment, since sections of both 
stubs opposing each other function as a combined line 
even if electric lengths are different as indicated by 0a 
and 0b, an operational principle, an effect and an ad- 
vantage similar to those in the first embodiment are re- 
35 alized. Moreover, since the sizes of the electric lengths 
0a and 0b can be changed independently, there is an 
advantage in that a range in which the capacitance of 
the parallel capacitors Ca and Cb can be set is extended . 
and a degree of freedom of design is increased. 

40 

Second embodiment 



[0040] Figs. 5A and 5B are schematic views illustrat- 
ing a configuration of a low-pass filter formed of a triplet 
*s line in accordance with a second embodiment of the 
present invention. Here, the low-pass filter will be de- 
scribed according to an example in which the low-pass 
filter shown In Fig. 1 is formed of a triplet line. Fig. 5A is 
a top view showing an arrangement on a dielectric sub- 
50 strate 1 3a as compared with a sectional view shown in 
Fig. 5B. 

[0041] In Figs. 5A and 5B, reference numerals 13a 
and 13b denote dielectric substrates; 14a denotes a 
film-like external conductor that is formed in close ad- 
55 herence to one side of the dielectric substrate 13a; 14b 
denotes a film-like external conductor that is formed in 
close adherence to one side of the dielectric substrate 
13b; 15a denotes narrow strip conductors that are 
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formed in close adherence to the other side of the die- 
lectric substrate 13a; 15b denotes narrow strip conduc- 
tors that are formed in close adherence to the other side 
of the dielectric substrate 13b; 16a and 16b denote one 
end open strip conductors that are formed in close ad- 
herence to the other side of the dielectric substrate 1 3a; 
and 1 7 denotes strip conductors. 
[0042] In addition, reference numeral 150a denotes 
high impedance lines (second high impedance lines) 
consisting of the dielectric substrates 13a and 13b, the 
external conductors 1 4a and 1 4b and the strip conductor 
15a; 150b denotes high impedance lines (first high im- 
pedance line) consisting of the dielectric substrates 1 3a 
and 13b, the external conductors 14a and 14b and the 
strip conductor 15b; 160a and 160b denote top end 
open stubs consisting of the dielectric substrates 13a 
and 13b, the external conductors 14a and 14b and the 
respective strip conductors 16a and 16b; 161 denotes 
a combined line consisting of the three top end open 
stubs 160a and 160b that are arranged substantially in 
parallel in such a manner that opening ends thereof face 
an identical direction; 1 70 denotes input and output lines 
consisting of the dielectric substrates 13a and 13b, the 
external conductors 14a and 14b and the strip conduc- 
tors 17; reference character P1 denotes an input termi- 
nal; and P2 denotes an output terminal. 
[0043] Here, the dielectric substrate 1 3a and the die- 
lectric substrate 13b are superimposed in such a man- 
ner that the side of the dielectric substrate 13a on which 
the strip conductors 15a, 15b, 16a, 16b and 17 are 
formed in close adherence and the side of the dielectric 
substrate 13b on which the external conductor 14b is 
not formed oppose each other. Thus, the high imped- 
ance lines 150a, the high impedance lines 150b, the 
combined lines 161 and the input and output lines 170 
are composed of a triplet line. 
[0044] Both axial lengths of the high impedance lines 
1 50a and 1 50b are set sufficiently smaller than a wave- 
length of a pass frequency. The high impedance lines 
150b are connected to parts between three adjacent 
ends, respectively, that are on the opposite side of re- 
spective opening ends of the combined line 161. The 
high impedance lines 150a are connected to a junction 
of the both ends of the combined line 161 and the high 
impedance lines 150b at its one end and to the input 
terminal P1 or the output terminal P2 at the other end. 
An equivalent circuit of the low-pass filter shown in Figs. 
5A and 5B is represented by Fig 4B as in the case of 
Fig. 1. 

[0045] As described above, according to this second 
embodiment, a low-pass filter is formed of a triplet line. 
Thus, since a conductor pattern can be formed on the 
dielectric substrate 1 3a by photo-etching or the like, an 
effect Is realized in that a small low-pass filter with a high 
accuracy of dimensions and a stable characteristic can 
be obtained relatively easily in addition to the effect of 
the first embodiment. 



Third embodiment 

[0046J Fig. 6 is a schematic view illustrating a config- 
uration of a low-pass filter in accordance with the third 

5 embodiment of the present invention. In Fig. 6, refer- 
ence numeral 19 denotes two low impedance lines con- 
nected between each ends of the high impedance lines 
11a and the input terminal P1 and the output terminal 
P2, respectively. An axial length of the low impedance 

fo lines 1 9 is set sufficiently smaller than a wavelength of 
a pass frequency. The other configurations are identical 
with those in Fig. 1 . 

[0047] In addition, Fig. 7 is an equivalent circuit dia- 
gram of the above-mentioned low-pass filter. In Fig. 7, 

1* reference character C1 denotes parallel capacitors cor- 
responding to the low impedance lines 1 9, and the other 
configurations are identical with those in Fig. 4B. 
[0048] As described above, according to this third em- 
bodiment, the parallel capacitor C1 corresponding to the 

20 low impedance line 1 9 is added. Thus, a number of stag- 
es as a low-pass filter (a number of stages of filter ele- 
ments) is increased and an effect is realized in that a 
steeper out-of band attenuation characteristic is ob- 
tained in addition to the effect of the first embodiment 

25 

Fourth embodiment 



[0049] Figs. 8A and 8B are schematic views illustrat- 
ing a configuration of a low-pass filter formed of a triplet 
30 line in accordance with a fourth embodiment of the 
present invention. Here, the low-pass filter will be de- 
scribed according tp an example in which the low-pass 
filter in accordance with the third embodiment shown in 
Fig. 6 is formed of a triplet line. Fig. 8A'is a top view 
35 showing an arrangement on the dielectric substrate 1 3a 
as compared with a sectional view shown in Fig. 8B. 
[0050] In Figs. 8A and 8B, reference numeral 20 de- 
notes wide strip conductors that are formed in close ad- 
herence to the other side of the dielectric substrate 1 3a, 
40 and 200 denotes low impedance lines consisting of the 
dielectric substrates 13a and 13b, the external conduc- 
tors 14a and 1 4b and the strip conductors 20. As in the 
case of Figs. 5 A and 5B, the high impedance lines 150a, 
the high impedance lines 150b, the combined line 1 61 ,' 
the input and output lines 1 70 and the low impedance 
lines 200 are composed of a triplet line. 
[0051] All axial lengths of the high impedance lines 
150a, the high impedance lines 150b and the low im- 
pedance lines 200 are set sufficiently smaller than a 
so wave length of a pass frequency. Each of the two low 
impedance lines 200 is connected to the high imped- 
ance line 150a at one end and to the input terminal P1 
or the output terminal P2 at the other end. An equivalent 
circuit of the low-pass filter shown in Figs. 8A and 8B is 
55 represented by Fig. 7 as in the case of Fig. 6. The other 
configurations are identical with those in Fiqs. 5A and 
5B. 

[0052] As described above, according to this fourth 
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embodiment, a low-pass filter Is formed of a triplet line. 
Thus, since a conductor pattern can be formed on the 
dielectric substrate 13a by photo-etching or the like, an 
effect is realized in that a small low-pass filter with a high 
accuracy of dimensions and a stable characteristic is 
obtained relatively easily in addition to the effect of the 
third embodiment. 



Fifth embodiment 

[0053] Fig. 9 is a schematic view illustrating a config- 
uration of a low-pass filter in accordance with a fifth em- 
bodiment of the present invention. In Fig. 9, reference 
numerals 21a and 21b denote top end short-circuit 
stubs, and 210 denotes a combined line composed of 
the three top end short-circuit stubs 21 a and 21 b. These 
three top end short-circuit stubs 21a and 21b are dis- 
posed substantially in parallel with the top end short- 
circuit stub 21b between the top end short-circuit stubs 
21a in such a manner that these short-circuit ends face 
an identical direction. Ends on the opposite side of the 
short-circuit ends of each of the top end short-circuit 
stubs 21 a and the top end short-circuit stub 21 b are mu- 
tually connected via separate high impedance lines 11 
b, respectively. In addition, an electric length of each of 
these top end short-circuit stubs 12a and 12b is set larg- 
er than 1/4 of a wavelength of a pass frequency and 
smaller than 1/2 of the wavelength. The other configu- 
rations are identical with those of Fig. 1 . 
[0054] Operations will now be described. 
[0055] Fig. 10 is a schematic view illustrating a con- 
figuration of the combined line 210. In Fig. 10, reference 
character 9 denotes an electric length of the top end 
short-circuit stubs 21a and 21b. In addition, Figs. 11 A 
and 1 1 B are equivalent circuit diagrams of the combi ned 
line 210. In Figs. 11A and 11B, reference characters 
Yea, Yeb and Yoa denote characteristic admittance of 
an even mode and an odd mode of the combined line 
210. 

[0056] Here, at an angular frequency to satisfying n/ 
2<e<7t, a circuit shown in Fig. 11 A can be approximately 
represented by an equivalent circuit shown in Fig. 11 B. 
As can be seen from an expression of Fig. 11B, capac- 
itance of series capacitors Cp changes according to a 
difference of characteristic admittance Yea and Yoa, 
that is, a combined capacity between the top end short- 
circuit stubs 21 a and 21 b and the electric length 9 of the 
top end short-circuit stubs 21 a and 21 b. Capacitance of 
parallel capacitors Ca and Cb change according to char- 
acteristic admittance Yea and Yeb, that is, mainly to 
characteristic impedance of the top end short-circuit 
stubs 21a and 21b and the electric length 9 of the top 
end short-circuit stubs 21a and 21b. That is, in the com- 
bined line 210, a relatively large value can be obtained 
as the capacitance of the series capacitors Cp shown 
in Fig. 118 by adjusting the electric length 9 of the top 
end short-circuit stubs 21a and 21b. 
[0057] Figs. 12A and 12B are equivalent circuit dia- 



grams of the above-mentioned low-pass filter. If the cir- 
cuit shown in Fig. 11 A is used as it is in an equivalent 
circuit of the low-pass filter shown in Fig. 9, the equiva- 
lent circuit can be represented by Fig. 1 2A. Moreover, if 
5 a relation represented by an equation shown in Figs. 
1 1 A and 1 1 B Is applied to Fig. 1 2A, an equivalent circuit 
shown in Fig. 12B is eventually obtained with respect to 
the configuration of Fig. 9. Since the equivalent circuit 
of Fig. 1 2B includes a parallel resonance circuit consist- 
10 ing of the capacitors Cp2 and the inductors 12, the filter 
shown in Fig. 9 has a function of a low-pass filter having 
a polarized characteristic shown in Fig. 20 as in the con- 
ventional case shown in Figs. 18Aand 18Band Fig. 19. 
[0058] As described above, according to this fifth em- 
's bodlment, the low-pass filter illustrated in Fig. 9 has a 
configuration including the combined line 210. Thus, 
there is an effect in that the capacitance of the capaci- 
tors Cp2 can be made larger than before by setting the 
electric length 9 of the top end short-circuit stubs 21a 
20 and 21b large to be in the range of jc/2<0<ic as men- 
tioned in the description of Fig. 11B. By this effect that 
the capacitance of the capacitors Cp2 can be made 
large, it is possible to set a frequency of an attenuation 
pole as low as in the vicinity of a passing band, therefore, 
25 there is an effect in that a low-pass filter having a steep 
out-of band attenuation characteristic Is obtained. 
[0059] In addition, although the case in which both the 
electric lengths of the top end short-circuit stub 21a and 
21b are equal at 0 is indicated in the description of the 
30 fifth embodiment, in the case in which sections of both 
stubs opposing each other function as a combined line 
satisfying the conditions of the fifth embodiment, even 
if electric lengths are different as indicated by 0a and 0b, 
an operational principle, an effect and an advantage 
35 similar to those in the fifth embodiment are realized. 
Moreover, since the sizes of the electric lengths 0a and 
0b can be changed independently, there is an advan- 
tage in that a range in which the capacitance of the par- 
allel capacitors Ca and Cb can be set is extended and 
40 a degree of freedom of design is increased. 

[0060] Moreover, the low-pass filter shown in Fig. 9 
may be configured as a multi-stage filter by being cas- 
caded In a plurality of stages via the high impedance 
lines 1 1 a to have a desired out-of band attenuation char- 
ts acteristic. 

Sixth embodiment 



[0061] Figs. 13A and 13B are schematic views illus- 
50 trating a configuration of a low-pass filter formed of a 
triplet line in accordance with a sixth embodiment of the 
present invention. Here, the low-pass filter will be de- 
scribed according to an example in which the low-pass 
filter in accordance with the fifth embodiment shown in 
55 Fig. 9 is formed of a triplet line. 

[0062] In Figs. 1 3A and 1 3B, reference numerals 1 3a 
and 13b denote dielectric substrates; 14a denotes a 
film-like external conductor that is formed in close ad- 
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herence to one side of the dielectric substrate 13a; 1 4b 
denotes a film-like external conductor that is formed in 
close adherence to one side of the dielectric substrate 
13b; 15a denotes narrow strip conductors that are 
formed in close adherence to the other side of the die- 
lectric substrate 13a; 15b denotes narrow strip conduc- 
tors that are formed in close adherence to the other side 
of the dielectric substrate 1 3b; 22a and 22b denote one 
end short-circuit strip conductors that are formed in 
close adherence to the other side of the dielectric sub- 
strate 1 3a; and 1 7 denotes strip conductors. In addition , 
reference numeral 23 denotes through-holes that con- 
nect one ends of the strip conductors 22a and 22b to 
the external conductor 14a and the external conductor 
14b t respectively, to electrically short them. 
[0063J In addition, reference numeral 150a denotes 
high impedance lines (second high impedance lines) 
consisting of the dielectric substrates 13a and 13b, the 
external conductors 1 4a and 1 4b and the strip conductor 
15a, 150b denotes high Impedance lines (first high im- 
pedance line) consisting of the dielectric substrates 1 3a 
and 13b, the external conductors 14a and 14b and the 
strip conductors 15b, 220a and 220b are top end short- 
circuit stubs consisting of the dielectric substrates 13a 
and 13b, the external conductors 14a and 14b, each of 
the strip conductors 22a and 22b and the through-holes 
23, 221 denotes a combined line consisting of the three 
top end short-circuit stubs 220a and 220b that are ar- 
ranged substantially in parallel in such a manner that 
short-circuit ends face an identical direction, 170 de- 
notes input and output lines consisting of the dielectric 
substrates 13a and 13b, the external conductors 14a 
and 1 4b and the strip conductors 1 7, reference charac- 
ter P1 denotes an input terminal and P2 denotes an out- 
put terminal. 

[0064J The dielectric substrate 1 3a and the dielectric 
substrate 1 3b are superimposed in such a manner that 
the side of the dielectric substrate 1 3a on which the strip 
conductors 15a, 15b, 22a, 22b and 17 are formed in 
close adherence and the side of the dielectric substrate 
13b on which the external conductor 14b is not formed 
oppose each other. Thus, the high impedance lines 
150a, the high impedance lines 150b, the combined 
lines 221 and the input and output lines 170 are com- 
posed of a triplet line. 

[Q065J Axial lengths of the high impedance lines 1 50a 
and 1 50b are set sufficiently smaller than a wavelength 
of a pass frequency, On the other hand, axial lengths of 
the top end short-circuit stubs 220a and 220b are set 
longer than 1/4 wavelength and shorter than 1/2 wave- 
length. The high impedance lines 150b are connected 
between neighboring ends, respectively, among three 
ends on the opposite side of each short-circuit end of 
the combined line 221. The high impedance lines 150a 
are connected to the junction of both the ends of the 
combined line 221 and the high impedance lines 1 50b 
at its one end and to the input terminal P1 or the output 
terminal P2 at the other end. 



[0066] An equivalent circuit of the low-pass filter 
shown in Figs. 13A and 13B is represented by Fig 12B 
as in the case of Fig. 9. 

[0067] As described above, according to this sixth 
5 embodiment, a low-pass filter is formed of a triplet line. 
Thus, since a conductor pattern can be formed on the 
dielectric substrate 13a by photo-etching or the like, an 
effect is realized in that a small low-pass filter with a high 
accuracy of dimensions and a stable characteristic can 
10 be obtained relatively easily in addition to the effect of 
the first embodiment. 

Seventh embodiment 



1 * [0068] Figs. 14A and 14B are schematic views illus- 
trating a configuration of a low-pass filter in accordance 
with a seventh embodiment of the present invention. 
Here, the low-pass filter will be described according to 
an example in which the low-pass filter in accordance 
20 with the first embodiment shown in Fig. 1 is formed of a 
micro-strip line. Fig. 14A is a top view showing an ar- 
rangement on the dielectric substrate 13a as compared 
with a sectional view shown in Fig. 14B. 
[0069] In Figs. 14A and 14B ( reference numeral 13a 
25 denotes a dielectric substrate, 14a denotes a film-like 
external conductor that Is formed In close adherence to 
one side of the dielectric substrate 13a, 24a and 24b 
denote narrow strip conductors that are formed in close 
adherence to the other side of the dielectric substrate 
30 1 3a, 25a and 25b denote one end open strip conductors 
that are formed in close adherence to the other side of 
the dielectric substrate 13a, and 26 denotes strip con- 
ductors. 

[0070] In addition, reference numeral 240a denotes 
35 high impedance lines (second high impedance lines) 
consisting of the dielectric substrate 13a, the external 
conductor 14a and the strip conductor 24a, 240b de- 
notes high impedance lines (first high impedance line) 
consisting of the dielectric substrate 13a, the external 
40 conductor 1 4a and the strip conductor 24b. 

[0071 ] Moreover, reference numerals 250a and 250b 
are top end open stubs consisting of the dielectric sub- 
strate 13a, the external conductor 14a and each of the 
strip conductors 25a and 25b, 251 denotes a combined 
« line consisting of the three top end open stubs 250a and 
250b that are arranged substantially in parallel in such 
a manner that open ends face an identical direction, 260 
denotes input and output lines consisting of the dielec- 
tric substrate 13a, the external conductor 14a and the 
so strip conductors 26, P1 denotes an input terminal and 
P2 denotes an output terminal. 
[0072] Both axial lengths of the high impedance lines 
240a and 240b are set sufficiently smaller than a wave- 
length of a pass frequency. The high impedance lines 
55 240b are connected between neighboring ends, respec- 
tively, among three ends on the opposite side of each 
short-circuit end of the combined line 251 . The high im- 
pedance lines 240a are connected to the junction of the 
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top end open line 260 and the high impedance lines 
240b at its one end and to the input and output lines 260 
at the other end. An equivalent circuit of the low-pass 
filter shown in Figs. 14Aand 14B is represented by Fig. 
4B as in the case of Fig. 1 . 

[0073] As described above, according to this seventh 
embodiment, a low-pass filter is formed of a micro-strip 
line. Thus, since a conductor pattern can be formed on 
the dielectric substrate 13a by photo-etching or the like, 
an effect is realized in that a smail low-pass filter with a 
high accuracy of dimensions and a stable characteristic 
can be obtained relatively easily in addition to the effect 
of the first embodiment. 



Eighth embodiment 



[0074] Figs. 15A and 15B are schematic views illus- 
trating a configuration of a low-pass filter in accordance 
with an eighth embodiment of the present invention. 
Here, a low-pass filter is formed of a line having three- 
layered dieiectric substrate in an example in which the 
low-pass filter In accordance with the first embodiment 
shown in Fig. 1 is composed of a multi-layer high fre- 
quency circuit. Fig. 15A Is a top view showing an ar- 
rangement on the dielectric substrate 1 3c as compared 
with a sectional view shown in Fig. 15B. 
[0075] In Figs. 15A and 15B, reference numeral 13c 
denotes a dielectric substrate inserted between the di- 
electric substrate 13a and the dielectric substrate 13b, 
27a and 27b denote narrow strip conductors that are 
formed in close adherence to one side (the upper side 
in Figs. 15Aand15B) of the dielectric substrate 13c, 27c 
denotes a narrow strip conductor that is formed in close 
adherence to the other side (the lower side in Figs. 1 5A 
and 15B) of the dielectric substrate 13c, 28a denotes 
one end open strip conductors that are formed in close 
adherence to one side (the upper side in Figs. 15A and 
15B) of the dielectric substrate 13c), and 28b denotes 
a strip conductor that is formed in close adherence to 
the other side (the lower side in Figs. 15A and 15B) of 
the dielectric substrate 1 3. 

[0076] In addition, reference numeral 38 denotes 
through-holes that connect the two strip conductors 27b 
formed on the upper side of the dielectric substrate 1 3c 
and the two strip conductors 27c formed on the lower 
side of the dielectric substrate 13c, respectively, 270a 
denotes high impedance lines (second high impedance 
lines) consisting of the dielectric substrates 1 3a to 13c, 
the external conductors 14a and 14b and the strip con- 
ductor 27a, and 270b denotes high impedance lines 
(first high impedance lines) consisting of the dielectric 
substrates 13a to 13c, the external conductors 14a and 
14b, the strip conductors 27b and the strip conductor 
27c connected by the through-holes 38. 
[0077] Moreover, reference numeral 280a denotes 
top end open stubs consisting of the dielectric sub- 
strates 1 3a to 1 3c, the external conductors 1 4a and 1 4b 
and the strip conductors 28a, 280b denotes top end 



open stubs consisting of the dielectric substrates 1 3a to 
13c, the external conductors 14a and 14b and the strip 
conductor 28b, 281 denotes a combined line consisting 
of the three top end open stubs 280a and 280b disposed 
s substantially in parallel in such a manner that open ends 
face an identical direction, 290 denotes input and output 
lines consisting of the dielectric substrates 13a to 1 3c, 
the external conductors 14a and 14b and the strip con- 
ductor 29. 

io [0078] The low-pass filter in accordance with this 
eighth embodiment is formed as described above, and 
the high impedance lines 270a, the high impedance 
lines 270b, the combined line 281 and the input and out- 
put lines 290 are formed by a triplet line that is in the 
'5 state in which each strip conductor (internal conductor) 
is formed in a position shifted vertically by approximately 
1/2 of the thickness of the dielectric substrate 13c from 
the intermediate position of the external conductor 14a 
and the external conductor 14b in a cross section of the 
20 low-pass filter. Further, both the axial lengths of the high 
impedance lines 270a and the high impedance lines 
270b are set sufficiently smaller than a wavelength of a 
pass frequency. 

[0079] In addition, each of the strip conductors 28a 
25 and 28b of the three top end open stubs 280a and 280b 
is disposed in such manner that the wide sides thereof 
oppose each other via the dielectric substrate 13c. The 
high impedance lines 270b are connected between the 
three ends positioned in the open ends of the opposite 
30 side of the combined line 281 . The high impedance lines 
270a are connected to the junction of the top end open 
stubs 280a and the high impedance lines 270b at one 
ends and to the input and output lines 290 at the other 
ends. An equivalent circuit of the low-pass filter shown 
35 in Figs. 1 5A and 1 5B is represented by Fig. 4A as in the 
case of Fig. 1 . 

[0080] Further, in the configuration shown in Figs. 1 5A 
and 15B, a strip conductor forming a central conductor 
of a top end open stub and a strip conductor forming a 
central conductor of a high impedance line are formed 
on a front side and a back side of a second dielectric 
layer However, this configuration can be applied to the 
case in which a top end short-circuit stub is used instead 
of a top end open stub. 
45 [0081] As described above, according to this eighth 
embodiment, each of the strip conductors 28a and 28b 
of the top end open stubs 280a and 280b is disposed in 
such a manner that the wide sides thereof substantially 
oppose each other via the dielectric substrate 13c. 
so Thus, an effect is realized in that a relatively large com- 
bined capacitance CP2 is obtained and a steeper out- 
of band attenuation characteristic is obtained in addition 
to the effects of the first embodiment and the second 
embodiment or the seventh embodiment. 

55 

Ninth embodiment 



[0082] Figs. 16A and 16B are schematic views illus- 
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trating a configuration of a low-pass filter composed in 
accordance with a ninth embodiment of the present in- 
vention. Here, a low-pass filter is formed of a line having 
three-layered dielectric substrate in another example in 
which the low-pass filter is composed of a multi-layer 
high frequency circuit. Fig. 16A is a top view showing 
an arrangement on the dielectric substrate 13c as com- 
pared with a sectional view shown in Rg. 16B. 
[0083] In Figs. 16A and 16B, reference numeral 13c 
denotes a dielectric substrate inserted between the di- 
electric substrate 13a and the dielectric substrate 13b, 
27a denotes narrow strip conductors that are formed in 
close adherence to one side (the upper side In Figs. 1 6A 
and 16B) of the dielectric substrate 13c, and 27b de- 
notes narrow strip conductors that are formed in close 
adherence to the other side (the lower side in Figs. 1 6A 
and 1 SB) of the dielectric substrate 13c. 
[0084] In addition, reference numerals 31a, 31b, 31c 
and 31 d denote one end open strip conductors that are 
formed in close adherence to one side (the upper side 
in Figs. 16A and 16B) of the dielectric substrate 13c, 
310a, 310b, 310c and 31 Od denote top end open subs 
consisting of the dielectric substrates 13a to 13c, the 
external conductors 14a and 14b and the strip conduc- 
tors 31a to 31 d, respectively, and 311a denote a com- 
bined line consisting of three top end open stubs 310a 
and 310c that are disposed substantially in parallel in 
such a manner that their open ends face an identical 
direction. 

[0065] In addition, reference numeral 31 1 b denotes a 
combine line consisting of the three top end stubs 310b 
and 31 Od that are disposed substantially in parallel in 
such a manner that their open ends face an identical 
direction that Is opposite to the top end open stubs 31 Oa 
and 31 Oc of the combined line 31 1 a. 
[0086] Here, the strip conductors 31 a and 31 band the 
strip conductors 31c and 31 d have an electric length 9 
that is smaller than n/2, respectively, and are connected 
in parallel with each other at the ends on the opposite 
side of the respective open ends to form integral strip 
conductors, 

[0087] In addition, reference numeral 38 denotes 
through-holes that connect each of the parts between 
the ends on the opposite side of the open ends, which 
are connected in parallel, of the strip conductors 31a 
and 31b formed on the upper side of the dielectric sub- 
strate 1 3c and the ends on the opposite side of the open 
ends, which are connected in parallel, of the strip con- 
ductors 31 c and 31 d by the strip conductors 27b formed 
on the lower side of the dielectric substrate 1 3c, respec- 
tively. 

[0088] Further, reference numeral 270a denotes high 
impedance lines (second high impedance lines) consist- 
ing of the dielectric substrates 13a to 13c, the externai 
conductors 14a and 14b and the strip conductors 27a, 
270b denotes high impedance lines (first high imped- 
ance lines) consisting of the dielectric substrates 13a to 
13c, the external conductors 14a and 14b and the strip 



conductors 27b, 290 denotes input and output lines con- 
sisting of the dielectric substrates 13a to 13c, the exter- 
nal conductors 1 4a and 1 4b and the strip conductors 29. 
[0089] The low-pass filter in accordance with this 
5 ninth embodiment is formed as described above, and 
the high impedance lines 270a, the high impedance 
lines 270b, the combined lines 311a and 311b and the 
input and output lines 290 are formed by a triplet line 
that is in the state in which each strip conductor (internal 
10 conductor) is formed in a position shifted vertically by 
approximately 1/2 of the thickness of the dielectric sub- 
strate 1 3c from the intermediate position of the external 
conductor 1 4a and the external conductor 1 4b in a cross 
section of the low-pass filter. Further, both the axial 
« lengths of the high impedance lines 270a and the high 
impedance lines 270b are set sufficiently smaller than a 
wavelength of a pass frequency. 
[0090] As described above, the high impedance lines 
270b are connected to the parts between the three com- 
20 mon ends on the opposite side of the open ends of the 
combined line 311a and the combined line 311b. The 
high impedance lines 270a are connected to the com- 
mon ends on the opposite side of the open ends of the 
top end open stubs 310a and the top end open stubs 
» 310b at one ends and to the input and output lines 290 
at the other end. 

[0091] Although an equivalent circuit of the low-pass 
filter shown in Figs. 16A and 16B is similar to Fig. 4B, 
parameters of the capacitor Cp2 and the capacitors C2 
30 and C3 are increased to parameters of the two com- 
bined lines 311 a and 31 1b. 

[0092] As described above, according to this ninth 
embodiment, parameters of the capacitor Cp2 and the 
capacitors C2 and C3 can be increased to parameters 
35 of the two combined lines 31 1 a and 31 1 b. Thus, an effect 
is realized in that a degree of freedom of design can be 
increased in addition to the effects of the first embodi- 
ment and the second embodiment or the seventh em- 
bodiment. 

40 

Tenth embodiment 



[0093] Figs. 1 7A and 1 7B are schematic views illus- 
trating a configuration of a low-pass filter in accordance 
<* with a tenth embodiment of the present invention. Here, 
the low-pass filter in accordance with the first embodi- 
ment shown in Fig. 1 is described according to another 
example in which the low-pass filter is composed of a 
coplanar line. Fig. 1 7A is a top view showing an arrange- 
so ment on a ground conductor 14c as compared with a 
sectional view shown in Fig. 1 7B. 
[0094] In Figs. 1 7A and 1 7B, reference numeral 1 3a 
denotes a dielectric substrate, 14c denotes a ground 
conductor for forming a coplanar line that is formed in 
ss close adherence to one side (the upper side in Figs. 1 7A 
and 17B) of the dielectric substrate 13a, 33a and 33b 
denote narrow strip conductors that are formed in close 
adherence on the upper side of the dielectric substrate 
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1 3a, 34a and 34b denote one end open strip conductors 
that are formed in close adherence to the upper side of 
the dielectric substrate 13a, and 35 denotes strip con- 
ductors that are formed in close adherence to the upper 
side of the dielectric substrate 13a. 
[0095] In addition, reference numeral 36 denotes con- 
ductor pads that are formed in close adherence to the 
upper side of the dielectric substrate 13a, 37 denotes 
conductor wires that connect each part of the ground 
conductor 14 and the conductor pads 36 in order to 
maintain the ground conductor on the upper side of the 
dielectric substrate 13a at the same potential, 330a de- 
notes high impedance lines (second high impedance 
lines) consisting of the dielectric substrate 13a, the 
ground conductor 14c and the strip conductors 33a, 
330b denotes high impedance lines (first high imped- 
ance lines) consisting of the dielectric substrate 1 3a, the 
ground conductor 1 4c or the like (including the conduc- 
tor pads 36) and the strip conductors 33b. 
[0096] Moreover, reference numerals 340a and 340b 
denote top end open stubs consisting of the dielectric 
substrate 1 3a, the ground conductor 1 4c or the like and 
the strip conductors 34a and 34b, 341 denotes a com- 
bined line consisting of the three top end open stubs 
340a and 340b that are disposed substantially in parallel 
in such a manner that their open ends face an identical 
direction, and 350 denotes input and output lines con- 
sisting of the dielectric substrate 13a, the ground con- 
ductor 14c and the strip conductors 35. 
[0097] Both axial lengths of the high impedance lines 
330a and the high impedance lines 330b are set suffi- 
ciently smaller than a wavelength of a pass frequency. 
The high impedance lines 330b are connected between 
adjacent ends, respectively, among three ends on the 
opposite side of opening ends of the combined line 341 . 
Each of the high impedance lines 330a are connected 
to the junction of both the ends of the combined line 341 
and the high impedance lines 330b at its one end and 
to the input and output fines 350 at the other end. An 
equivalent circuit of the low-pass filter shown In Figs. 
1 7A and 1 7B is represented by Fig 4B as in the case of 
Fig. 1. 

[0098] As described above, according to this tenth 
embodiment, a low-pass filter Is formed of a coplanar 
line. Thus, since a conductor pattern can be formed on 
the dielectric substrate 1 3a by photo-etching or the like, 
an effect is realized in that a small low-pass filter with a 
high accuracy of dimensions and a stable characteristic 
can be obtained relatively easily in addition to the effect 
of the first embodiment. 

[0099] In addition, since a low-pass filter is formed of 
a coplanar line, an effect is realized in that a circuit of a 
low-pass filter can be formed only on one surface of the 
dielectric substrate 13a. 

[0100] As described above, according to the low-pass 
filter of the present invention, there are provided a com- 
bined line that is formed of three or more top end open 
stubs that are set such that an electric length thereof is 



made large In a range in which the length is shorter than 
1/4 of a wavelength of a pass frequency and are dis- 
posed substantially in parallel in such a manner that an 
open end of each of the three or more top end open 
5 stubs faces an identical direction and a high impedance 
line that is connected to at least one part among parts 
between neighboring ends in the opposite side of the 
open ends of the top end open stubs and has a length 
shorter than a wavelength of a pass frequency. Thus, a 
io combined line is formed using three or more top end 
open stubs, whereby a number of stages of a filter ele- 
ment that becomes an element of a low-pass filter can 
be increased compared with the conventional art, and 
a length of the top end stubs can be set large, whereby 
is a required capacitance can be made larger compared 
with the conventional art. Therefore, there is an effect 
in that a low-pass filter having a steep out-of band at- 
tenuation characteristic that is capable of setting a fre- 
quency of an attenuation pole as low as in the vicinity of 
20 a pass band is obtain ed. 

[0101] In addition, according to the low-pass filter of 
the present invention, there are provided a combined 
line that is formed of three or more top end open stubs 
that are set such that an electric length thereof is made 
25 large in a range in which the length is shorter than 1/4 
of a wavelength of a pass frequency and are disposed 
substantially in parallel in such a manner that an open 
end of each of the three or more top end open stubs 
faces an identical direction, a first high impedance line 
30 that is connected to at least one part among parts be- 
tween neighboring ends in the opposite side of the open 
ends of the top end open stubs and has a length shorter 
than a wavelength of a pass frequency, and at least one 
second high impedance line that is connected at one 
35 end to the ends on the opposite side of the open ends 
of the top end open stubs among the both ends of the 
three or more top end open stubs and has a length short- 
er than a wavelength of a pass frequency. Thus, there 
is an effect in that a low-pass filter having a steeper out- 
40 of band attenuation characteristic can be obtained by 
inductance of the second high impedance line. 
[0102] In addition, according to the low-pass filter of 
the present invention, there are provided a combined 
line that is formed of three or more top end open stubs 
« that are set such that an electric length thereof is made 
large in a range in which the length is shorter than 1/4 
of a wavelength of a pass frequency and are disposed 
substantially in parallel in such a manner that an open 
end of each of the three or more top end open stubs 
50 faces an identical direction, a first high impedance line 
that is connected to at least one part among parts be- 
tween neighboring ends in the opposite side of the open 
ends of the top end open stubs and has a length shorter 
than a wavelength of a pass frequency, at least one sec- 
55 ond high impedance line that is connected at one end 
to the ends on the opposite side of the open ends of the 
top end open stubs among the both ends of the three or 
more top end open stubs and has a length shorter than 
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a wavelength of a pass frequency, and a low impedance 
line that is connected at one end to at least the one other 
end of the second high impedance line and has a length 
shorter than a wavelength of a pass frequency. Thus, 
there is an effect in that the number stages of a filter 
element that becomes an element of a low-pass filter 
can be increased by capacitance of the low impedance 
line and a low-pass filter having a steeper out-of band 
attenuation characteristic can be obtained. 
[0103] In addition, according to the low-pass filter of 
the present invention, a plurality of the low-pass filters 
according to claim 1 , 2, or 3 of the present Invention are 
cascaded by inserting at least one second high imped- 
ance line, which has a length shorter than a wavelength 
of a pass frequency, in series between combined lines 
of the low-pass filter that are connected one after anoth- 
er to form a multi-stage filter. Thus, there is an effect in 
that a low-pass filter having a steeper out-of band atten- 
uation characteristic is obtained. 
[0104] Moreover, according to the low-pass filter of 
the present invention, there are provided a combined 
line that is formed of three or more top end short-circuit 
stubs that are set such that an electric length thereof is 
made large in a range in which the length is longer than 
1/4 and shorter than 1/2 of a wavelength of a pass fre- 
quency and disposed substantially In parallel in such a 
manner that an open end of each of the three or more 
top end open stubs faces an identical direction, and a 
high impedance line that is connected to at least one 
part among parts between neighboring ends in the op- 
posite side of the short-circuit ends of the top end short- 
circuit stubs and has a length shorterthan a wavelength 
of a pass frequency. Thus, there is an effect in that a 
low-pass filter can be obtained relatively easily in which 
the number of stages of a filter element that becomes 
an element of a low-pass filter can be increased as com- 
pared with the conventional art by forming a combined 
line by three or more top end short-circuit stubs, and a 
required capacitance can be made larger compared 
with the conventional art by setting the length of the low- 
pass filter large, thereby achieving a steep out-of band 
attenuation characteristic capable of setting a frequency 
of an attenuation pole as low as the in vicinity of a pass 
band. 

[0105] In addition, according to the low-pass filter of 
the present invention, since the low-pass filter has a sim- 
ple configuration of a plane circuit formed of a triplet line, 
there is an effect in that a small low-pass filter with a 
high accuracy of dimensions and a stable characteristic 
can be obtained relatively easily. 
[0106] In addition, according to the low-pass filter of 
the present invention, since the low-pass filter has a sim- 
ple configuration of a plane circuit formed of a micro- 
strip line, there is an effect in that a small low-pass filter 
with a high accuracy of dimensions and a stable char- 
acteristic can be obtained relatively easily. 
[0107] In addition, according to the low-pass filter of 
the present invention, since the low-pass filter has a sim- 



ple configuration of a plane circuit formed of a copfanar 
line, there is an effect in that a small low-pass filter with 
a high accuracy of dimensions and a stable character- 
istic can be obtained relatively easily. Moreover, an ef- 
5 feet is realized in that a circuit of a low-pass filter can be 
formed only on one surface of a dielectric substrate. 
[0108] In addition, according to the low-pass filter of 
the present invention, the low-pass filter has a first con- 
ductor layer, a second conductor layer and a third con- 
10 ductor layer, which are disposed with the second con- 
ductor layer being sandwiched between the first and the 
third layers, and a ground conductor formed on external 
surfaces of the first and the third conductor layers, and 
is composed of a multi-layer high frequency circuit in 
is which a central conductor is formed on the front and the 
back of the second conductor layer, and has a strip con- 
ductor forming a central conductor of a top end open 
stub and a strip conductor forming a central conductor 
of a high impedance line that are formed separately on 
20 the front side and the back side of the second conductor 
layer. Thus, there is an effect In that a degree of freedom 
regarding a configuration of a plane circuit can be in- 
creased and a small low-pass filter with a high accuracy 
of dimensions and a stable characteristic can be ob- 
25 tained relatively easily. 

[0109] In addition, according to the low-pass fifter of 
the present invention, the low-pass filter has a first con- 
ductor layer, a second conductor layer and a third con- 
ductor layer, which are disposed with the second con- 
30 ductor layer being sandwiched between the first and the 
third layers, and a ground conductor formed on external 
surfaces of the first and the third conductor layers, and 
is composed of a multi-layer high frequency circuit in 
which a central conductor is formed in the front and the 
35 back of the second conductor layer, has each strip con- 
ductor forming a central conductor of three or more top 
end open stubs forming a combined line, to which a high 
impedance line that is shorter than the wavelength of 
the pass frequency Is connected between ends on the 
40 opposite side of the open ends of the top end open stubs 
adjacent with each other, provided on the front and the 
back of the second dielectric layer with sides opposing 
each other, and each strip conductor forming a central 
conductor of the high impedance line Is connected to 
4* each strip conductor of the top end open stubs to be 
provided on the front and the back of the second dielec- 
tric conductor layer and connected via a through-hole in 
the middle. Thus, there is an effect in that a low-pass 
filter can be obtained which can make a combined ca- 
se pacitance larger and set an attenuation pole frequency 
as low as the vicinity of a pass frequency and has a 
steeper out-of band attenuation characteristic. 
[0110] In addition, according to the low-pass filter of 
the present invention, each of strip conductors that are 
& composed of a multi-layer high frequency circuit, which 
is provided with a pair of combined lines formed by three 
or more top end open stubs that are set to have a larger 
electric length in a range in which the length is shorter 
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than 1/4 a wavelength of a pass frequency and disposed 
substantially in parallel in such a manner that each open 
end of the three or more top end open stubs faces an 
identical direction, and are connected in parallel such 
that the ends on the opposite side of the open ends of 
the top end open stubs in each of the pair of combined 
lines are opposed to each other to be connected, and 
the low-pass filter is provided with a high impedance line 
that is connected to at least one part between neighbor- 
ing ends on the opposite side of the open ends of the 
top end open stubs and is shorter than a wavelength of 
a pass frequency, has a first conductor layer, a second 
conductor layer and a third conductor layer disposed 
with the second conductor layer being sandwiched be- 
tween the first and the third conductor layers, ground 
conductors formed on the external surfaces of the first 
and the third conductor layers, and is composed of a 
multi-layer high frequency circuit in which a central con- 
ductor is formed on the front and the back side of the 
second dielectric layer, and has each strip conductor 
forming a central conductor of the top end open stubs 
formed on one side of the second dielectric conductor 
layer, and a strip conductor forming a central conductor 
of the high impedance line formed on the other side of 
the second dielectric layer, and in which the connection 
between ends on the opposite side of the open ends of 
the top end open stubs and the high Impedance line is 
made by the connection via a through-hole of a strip con- 
ductor forming a central conductor formed on the front 
and the back side of the second dielectric layer. Thus, 
since a parameter of a combined capacitance is in- 
creased to a parameter of a pair of cascaded combined 
lines, there Is an effect in that a low-pass filter capable 
of increasing a degree of freedom of design is obtained. 

Industrial Applicability 

[0111] As described above, according to the present 
invention, a low-pass filter that can set an attenuation 
pole in the vicinity of a pass band and has a steep out- 
of band attenuation characteristic can be obtained even 
if it has a simple configuration of a plane circuit such as 
a triplet line or a micro-strip line. 
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Claims 



A low-pass filter comprising: 

combined lines formed of three or more top end 
open stubs, which are set to have a large elec- 
tric length in a range in which a length is shorter 
than 1/4 of a wavelength of a pass frequency 
and disposed substantially in parallel in such a 
manner that an open end of each of said three 
or more top end open stubs faces an identical 
direction; and 

a high impedance line connected to at least one 
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pan among parts between neighboring ends 
that are on the opposite side of said open ends 
of said top end open stubs and having a length 
shorter than the wavelength of the pass fre- 
quency. 

A low-pass filter according to claim 1 , character- 
ized In that said high impedance line is a first high 
impedance line, and the low-pass filter further com- 
prises, in addition to said first high impedance line, 
at least one second high impedance line that is con- 
nected at one end to ends on the opposite side of 
open ends of top end open stubs among the both 
ends of said three or more top end open stubs and 
has a length shorter than the wavelength of the pass 
frequency. 

A low-pass filter according to claim 2, character- 
ized by further comprising a low impedance line 
that is connected to at ieast one the other end of 
said second high Impedance line at one end and 
has a length shorter than the wavelength of the pass 
frequency. 

A low-pass filter according to claim 1, character- 
ized in that a multi-stage filter is formed by cascad- 
ing low-pass filters in a plurality of stages via a high 
impedance line. 

A low-pass filter according to claim 1 , character- 
ized in that the low-pass filter is formed of a triplet 
line. 

A low-pass filter according to claim 1, character- 
ized in that the low-pass filter is formed of a micro- 
strip line. 

A low-pass filter according to claim 1 , character- 
ized in that the low-pass filter is formed of a copla- 
nar line. 



8. A low-pass filter comprising: 

combined lines formed of three or more top end 
short-circuit stubs, which are set to have a large 
electric length in a range in which a length is 
longer than 1/4 and shorter than 1/2 of a wave- 
length of a pass frequency, and disposed sub- 
stantially in parallel in such a manner that each 
of short-circuit ends of said three or more top 
end short-circuit stubs faces an identical direc- 
tion; and 

a high impedance line connected to at least one 
part between ends among parts between ends 
that are on the opposite side of said short-cir- 
cuit ends of said top end short-circuit stubs and 
adjacent with each other and having a length 
shorter than the wavelength of the pass fre- 
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quency. 

9. A low-pass filter according to claim 8, character- 
ized In that the low-pass filter is formed of a triplet 
line. 5 

10. A low-pass filter according to claim 8, character- 
ized in that the low-pass filter is formed of a micro- 
strip line. 

w 

11. A low-pass filter according to ciaim 8, character- 
ized in that the low-pass filter is formed of a copla- 
nar line. 

12. A low-pass filter according to claim 1, character- 15 
ized in that the low-pass filter has a first conductor 
layer, a second conductor layer and a third conduc- 
tor layer, which are disposed with said second con- 
ductor layer being sandwiched between said first 
and said third layers, and a ground conductor 20 
formed on external surfaces of said first and said 
third conductor layers, and is composed of a multi- 
layer high frequency circuit In which a central con- 
ductor is formed, on the front and the back of said 
second conductor layer, and has a strip conductor 25 
forming a central conductor of a top end open stub 

and a strip conductor forming a central conductor 
of a high Impedance line that are formed separately 
on the front side and the back side of said second 
conductor layer 30 

13. A low-pass filter according to ciaim 1, character- 
ized In that the low-pass filter has a first conductor 
layer, a second conductor layer and a third conduc- 
tor layer, which are disposed with said second con- 35 
ductor layer being sandwiched between said first 
and said third layers, and a ground conductor 
formed on external surfaces of said first and said 
third conductor layers, and is composed of a multi- 
layer high frequency circuit in which a central con- 40 
ductor is formed in the front and the back of said 
second conductor layer, and has a strip conductor 
forming a central conductor of a top end short-circu it 
stub and a strip conductor forming a central conduc- 
tor of a high impedance line that are formed sepa- *s 
rately on the front side and the back side of said 
second conductor layer. 

14. A low-pass filter according to claim 1, character- 
ized in that the low-pass filter has a first conductor so 
layer, a second conductor layer and a third conduc- 
tor layer, which are disposed with said second con- 
ductor layer being sandwiched between said first 
and said third layers, and a ground conductor 
formed on external surfaces of said first and said 55 
third conductor layers, and is composed of a multi- 
layer high frequency circuit in which a central con- 
ductor is formed in the front and the back of said 



second conductor layer, has each strip conductor 
forming a central conductor of three or more top end 
open stubs forming a combined line, to which a high 
impedance line that is shorter than the wavelength 
of the pass frequency is connected between ends 
on the opposite side of said open ends of said top 
end open stubs adjacent with each other, provided 
on the front and the back of said second dielectric 
layer with sides opposing each other, and each strip 
conductor forming a central conductor of said high 
impedance line is connected to each strip conductor 
of said top end open stubs to be provided on the 
front and the back of said second dielectric conduc- 
tor layer and connected via a through-hole in the 
middle. 

15. A low-pass filter according to claim 1, character- 
ized in that said combined lines are a pair of com- 
bined lines disposed substantially in parallel in such 
a manner that each open end of said three or more 
top end open stubs faces an identical direction, and 
are connected in parallel such that the ends on the 
opposite side of open ends of the top end open 
stubs In each of the pair of combined lines are op- 
posed to each other to be connected, and the low- 
pass filter is provided with a high impedance line 
which is connected to at least one part among parts 
between neighboring ends on the opposite side of 
said open ends of said top end open stubs and is 
shorter than a wavelength of a pass frequency, and 
has afirstconductorlayer.asecondconductor layer 
and a third conductor layer disposed with said sec- 
ond conductor layer being sandwiched between 
said first and said third conductor layers and ground 
conductors formed on the external surfaces of said 
first and said third conductor layers, and is com- 
posed of a multi-layer high frequency circuit in 
which a central conductor is formed on the front and 
the back side of said second dielectric layer, and 
has each strip conductor forming a central conduc- 
tor of said top end open stubs formed on one side 
of said second dielectric conductor layer, and a strip 
conductor forming a central conductor of said high 
impedance line formed on the oth er side of said sec- 
ond dielectric layer, and in which the connection be- 
tween ends on the opposite side of said open ends 
of said top end open stubs and said high impedance 
line is made by the connection via a through-hole 
of a strip conductor forming a central conductor 
formed on the front and the back side of said second 
dielectric layer. 



14 

BNSDOCIO: <EP J 172880AI_I_> 



BNSpage 14 



EP1 172 880 A1 



FIG. 1 




15 

BNSDOCID: <EP | t72880At_l_> 



EP 1 172 880 A1 



FIG. 2 




BNSOOCID: <EP. 



.1172880A1J_i 



16 



BNSpage 16 



EP1 172 880 A1 



FIG. 3 




17 

BNSDOCID: <CP 1 1 72880A1J_> 



BNS page 17 



EP 1 172 880 A1 



FIG. 4 



(a) 




(b) 



sir 



CP2 



/YY\ 

Li 



L 2 



-II- 



L 2 



c 2== c 3 z = caj. 



o>c P2i 



Yoa-Yea 



tan«| #< * 



2 -2 

a>C2=«Yeatan0 | «. 

2 

tOC3«*YebtanO | Q< *. 

2 



18 



ONSDOCID: <EP 1172880A1J_> 



BNS page 18 



EP 1 172 880 A1 



FIG. 5 

161 




15a ISOa 15b 150b 15b 150b 150a 15a 



14b 

14a 



13b^> 
(b) I3a^ 



3NSDOCIO: <EP. 



.1172880At..l._> 



19 



BNSpage 19 




BNSCOCID: <EP. 



117280OA1_L> 



20 



BNS page 20 



EP1 172 880 A1 



FIG. 7 




0NSDOCID: <EP 1 172880A1_I_> 



21 



BNS page 21 



EP1 172 880 A1 



FIG. 8 




22 



EP1 172 880 A1 




BNSDOCIO: <EP. 



?l72SeOAl_L> 



23 



BNS page 23 



EP1 172 880 A1 



FIG. 10 




BNSDOCID: *EP 1 172880A1_I_> 



24 



EP1 172 880 A1 



FIG. 11 



v 

CD 




25 



3NSD0CID: <EP, 



.1172800A1_L> 



BNS page 25 



EP1 172 880 A1 



(a) 



FIG. 12 



L 2 



Yoa-Yea 




Yoa-Yea 


2 




2 



L 2 



0 




/ /— 


7* * O 






Yeb/ 


Yea/ 



(b) 



Sll 



CP2 

-II- 



I* 



Cpj 



L 2 



c 2=p C 3 zfz C 2 zjz 



T T 



/YT\__o 



Yoa-Yea . fl , 
2 cot0 lf<0< 



'-Yea cot 0 | jc 



<0<7C 



■Yeb cotd\jL <d<n 



26 



BNSDOCIO: <EP 1 172800A1J_> 



BNS page 26 



EP1 172 880 A1 



FIG. 13 





BNS0OCI0: <EP 1172380AI_L> 



27 



BNS page 27 



EP 1 172 880 A1 



FIG. 14 




14a 



BNSCOCID; <EP. 



1172880A1J_> 



28 



BNS page 28 



EP 1 172 880 A1 



FIG. 15 




eNSDOClD: <EP. 



.11 7288CA1„L> 



29 



BNS page 29 



EP1 172 880 A1 



FIG. 16 



(a) 



311a 

270a27a 310a 31a \ 31c 310c 31a 310a 13c 




310b 311b 270b 310d 270b 310b 



13b> 
< b > 13c-^ 
13a 



14b 



38 38 

V / 



14a 38 27b 27b 38 



BNSDOCID: <EP 1 1 72G00A1J_> 



30 



BNS page 30 



EP1 172 880 A1 



FIG. 17 




31 



EP1 172 880 A1 



FIG. 18 




BNSDOCID: <EP. 



. 11 ?2880A1J_> 



32 



BNS page 32 



EP1 172 880 A1 



FIG. 19 



CP2 Cp 3 Cp2 

HI— i 



. r r f' ^ 



BNSDOCID; <EP 1 1 72880A1 J_> 



33 



BNS page 33 



EP1 172 880 A1 



FIG. 20 




SNSDOCID: <EP J 17280OA1 J_> 



34 



BNS page 34 



EP1 172 880 A1 



INTERNATIONAL SEARCH REPORT 



I Interna lionaj application No. 

PCT/JP01/00454 



A CLASSIFICATION Of SUBJECT MATTER 
Int.Cl' H01P L/203 



According to International Patent Classification (IPC) or to both natjomj ctojficggoa and IPC 
| a FIELDS SEARCHED 



J Mi ^^ t ^™ tt ^2^^ ( 2oT fiC8ti ° n SyStC01 foll ° Wed by classif ' c » t " MI symbols) 



| Documeotttioi ^Jedothei jhan minimum documentation to £ extern that such documents are included in (be fields starched 
Jitsuyo Shinan Efoho 1922-1996 Toroku Jiteuyo Shinan KWw SmSom 

Kokaa Jxteuyo Shanan Kbho 1971-1993 Jlteuyo Shinan T6 roku !to£ 1996-20 £ 
| data bag consulted during the Uuenufional search (name of data and, where practicable, search terms used) ' 



I C. DOCUMENTS CONSIDERED TO BE RELEVANT 



I Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP. 2000-1B3603, A (Mitsubishi Electric Corporation), 
30 June, 2000 (30.06.00). 
Pull text; all drawings (Family: none) 



A 



JP, 62-241401, A (Matsushita Electric Ind. 

22 October, 1987 (22.10.87), 

Pull text; all drawings (Family: none) 



JP, 62-196902, A (NEC Corporation), 
31 August, 1987 (31.08.87), 
Fig. 3 (Family; none) 



Co., Ltd.) 



1-1S 



1,2,6 



4,5,7 
3,8-15 

1-15 



I □ Further documents are listed in the confirmation of Box C. Q See patent family annex. 



s of cited <J 



Special categories o. w wu ooewnenu: 
document defining tie general nate of the art which it not 
considered to be cf particnlar relevance 
Sfc" d ° CUmCrt P MiAal 00 °' ^ intermiioiiai filing 

"L" document which may throw docbti on priority clarm{i) or which it 
crted » establish the public*** dtte of another citation or other 
. special reason (usnedfled) 

■yy docmneat nrftrnng to an oral disclosure, use. exhibition or other 
f moms 



T* document published prior to the iruenurional filing dace out liter 
I than the priority date claimed 



'X* 



"A" 



later document published after the imeroaUooai filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
occument of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to Involve no inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot he 
considered to involve an uivemfva ctep when thoebcument ra 



ccmrnnntion being obvious to a person skilled in the c 
document member of the * 



I Date of the actual completion of the intemaiiena] search 
11 April, 2001 (11.04.01) 



Date of mailing of the international search t 

24 April, 2001 (24.04.01) 



I Name and mailing address of the ISA/ 

Japanese Patent Office 



Facsimile No. 
Form PC17ISA/210 (second sheel) (July 1992) 



Authorized officer 
Telephone No. 



35 

BNSDOCID: <.£P 11728fl0A1_L> 



BNS page 35 



